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(57) A method and apparatus for defining a smooth 
shading across an object for display on a raster output 
device The method including converting the object to a 
mesh, 

rendering the mesh 

displaying the object having a shading defined by the 
mesh and editing the mesh until a desired result is 
achieved in the displayed object. The method may in- 
clude a method for defining a gradient across an object 
for display on a raster output device where the object 
includes a boundary comprising multisegment edges in 
which the method includes selecting the object and find- 
ing the boundary for the object. Thereafter a bounding 
box is created including four corners that encloses the 
object boundary. Four points on the boundary of the ob- 
ject are identified that are closest to the four corners of 
the boundary box. A single patch mesh may be con- 
structed from the four points and segments connecting 
pairs of the four points. The single patch mesh may be 
further divided to create a series of patches defining the 
gradient where palch boundaries correspond lo seg- 
ment veil ices in the multisegment edges of the bound- 
ary of the object. 
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Description 

[0001] The present invention relates generally to 
methods and systems for shading computer generated 
images and more particularly to methods and apparatus 
for shading objects displayed on a raster output device. 

Background of the invention 

[0002] In many computer systems, it is common to 
represent and convey information to a user through dig- 
ital images These images may take a variety of forms 
such as alphanumeric characters, graphics and other 
pictorial representations. The digital images may be 
conveyed to a user on a raster or continuous tone dis- 
play device, such as a video monitor, printer and the like. 
Typically, the digital images are stored in digital form, 
manipulated and then displayed. 
[0003] Digital images are generally stored as a geo- 
metric description of a scene. The description can be 
manipulated by the user, then converted to digital raster 
image data for display. How a two or three dimensional 
object appears when it is displayed to a user depends 
on numerous factors including the types of light sources 
illuminating the object; the object's properties including 
color texture and reflectance: and the object's position 
and orientation with respect to the light sources, the 
viewer and other surfaces which may reflect light on the 
object. 

[0004] It is often desirable to present objects for dis- 
play in color. In conventional display systems, color may 
be applied to a region by defining a single color for the 
entire region (a "flat" coloring), or to add realism, a plu- 
rality of colors may be employed. A transition between 
colors across the surface of an object is referred to as 
a color gradient. In order to display a realistic image, a 
smooth transition between colors across painted areas 
is required 

Summary of the Invention 



[0005] In one aspect, the invention provides a method 
for defining a smooth shading across an object for dis- 
play on a raster output device and includes converting 
the object to a mesh, rendering the mesh, displaying the 
object having a shading defined by the mesh and editing 
the mesh until a desired result is achieved in the dis- 
pldyed object. 

[0006] Aspects of the invention include numerous fea- 
tures. The step of converting the object into a mesh may 
include determining a boundary for the object enclosed 
by a boundary box having four corners, determining four 
points on a boundary of the object that arc closest to the 
four corners of the boundary box. determining four edg- 
es on the boundary of the box that connect the four cor- 
ners, constructing a mesh from the four edges and four 
corners on the boundary of the object resulting in a sin- 
gle patch mesh including four mesh points correspond- 



ing to the four corner point on the boundary, selecting a 
shading procedure and determining colors to the four 
mesh points. 

[0007] The step of determining colors may include re- 
5 ceiving a user selection for the colors. The method may 
further include receiving a user selection to define the 
number and arrangement of patches in the mesh where 
the mesh is of to be of form the form of an NxM matrix 
of patches, subdividing the mesh at N-1 regular intervals 
w in a u direction of the mesh and subdividing the mesh 
at M-1 regular intervals in a v direction o1 the mesh. 
[0008] The shading procedure may determine the 
colors by receiving a color selection for each corner from 
a palette of available colors where the selection is per- 
is formed by the user. The shading procedure may deter- 
mine the colors by sampling the object at locations cor- 
responding to the mesh points. 

[0009] One or mor edges of the boundary for the ob- 
ject may include multisegment cubic Bezier curves and 

20 the step of constructing a mesh may include construct- 
ing boundary edges for the mesh where the boundary 
edges are multisegment cubic Bezier curves having an 
identical number of segments as their corresponding 
edge in the boundary. 

25 [0010] The step of editing the mesh may include add- 
ing mesh points and defining colors for mesh points re- 
sulting in the uniform subdivision of the mesh at the new 
mesh point. The step of editing the mesh includes one 
of adding a mesh point, deleting a mesh point, adjusting 

30 a mesh point tangent, moving a mesh point, and chang- 
ing the color of a mesh point. 

[0011] In another aspect, the invention provides a 
computer program, tangibly stored on a computer-read- 
able medium, for rendering a two dimensional (2D) 
35 patch associated with an object to achieve a smooth 
shading across the object where the 2D patch defines 
a complex gradient including at least one foldover edge. 
The computer program includes instructions for causing 
a computer to convert the object to a mesh, render the 
40 mesh, display the object having a shading defined by 
the mesh and edit the mesh until a desired result is 
achieved in the displayed object. 
[0012] In another aspect, the invention provides a 
method for defining a smooth shading across an object 
45 tor display on a raster output device where the object 
includes a boundary comprising edges at least one of 
which is a multisegment curve The method includes 
converting the object to a mesh including creating a 
mesh boundary that includes edges that include a same 
so number of segments as a corresponding edge in the 
boundary of the object, rendering the mesh, displaying 
the object having a shading defined by the mesh and 
editing the mesh until a desired result is achieved in the 
displayed object 
55 [0013] In another aspect, the invention provides a 
method for defining a gradient across an object for dis- 
play on a raster output device where the object includes 
a boundary comprising multisegment edges. The meth- 
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od includes converting the object to a mesh including 
creating a mesh boundary that follows a geometry of the 
boundary of the object and creating a series of patches 
defining the gradient where patch boundaries corre- 
spond to segment vertices in the multisegment edges 
of the boundary for the object. 

[0014] in another aspect, the invention provides a 
method for defining a gradient across an object for dis- 
play on a raster output device where the object includes 
a boundary comprising multisegment edges. The meth- 
od includes selecting the object, finding the boundary 
for the object, creating a bounding box including four 
corners that encloses the object boundary, ident.fy four 
points on the boundary of the object that are closest to 
The four corners of the boundary box, constructing a sin- 
gle patch mesh from the four points and segments con- 
necting pairs of the four points and dividing the s.ngle 
patch mesh to create a ser.es of patches defin.ng the 
qradient where patch boundaries correspond to seg- 
ment vertices in the multisegment edges of the bound- 
ary of the object. 

[00151 The invention includes numerous advantages. 
The present invention provides a mechanism to easily 
construct complex gradients for use in the display of two 
d.mcnsional images These and other advantages may 
be readily apparent from the detailed description and 
claims provided below. 

Brief Description of the Drawings 



[00161 FIG 1a is a schematic diagram of an object for 
display in a display space according to the invention. 
[0017] FIG 1b is a schematic diagram of a patch 
mesh associated with the object of FIG 1a according to 
the invention. 

[0018] FIG 2 is a schematic diagram of a patch and 
associated unit square according to the inventor 
[0019] FIG 3 is a flow diagram of a process for defin- 
.ng a color gradient according to the invention 
[0020] FIG 4 is a flow diagram of a process for cre- 
ating a mesh according to the invention. 
[0021] FIG 5a is a schematic block diagram of a par- 
tially constructed mesh .ncluding bounding box accord- 
ing to the invention. 

[0022] F IG . 5b is a schematic block diagram ot a NxM 
mesh according to the invention. 
[0023] FIG. 6 is a flow diagram of a rendering process 
according to the invention. 

[0024] FIG 7 is a flow diagram of a process for adding 
a mesh point according to the invention. 
[0025] FIGs 8a and 6b are schematic block diagrams 
of a mesh reflecting structures resulting from adding a 
mesh point according to the invention. 
[0026] FIG 9 is a flow diagram of a process for delet- 
ing a mesh point according to the invention. 
[0027] FIG 10 is a schematic block diagram of a mesh 
before and after deleting a mesh point according to the 
invention. 



[0028] FIG. 1 1 is a schematic block diagram of a com- 
puter system according to the invention. 

nctaiifid Description 

5 [0029] Digital images are generally stored as a geo- 
metric description of a scene. The description can be 
manipulated by a user invoking a drawing or other 
graphics application, then converted to digital raster im- 
10 age data for output. An example of a drawing application 
is Adobe Illustrator, available from Adobe Systems In- 
corporated, of San Jose, California. 
100301 FIGs. 2a and 2b show a two-dimensional ob- 
ect 110 displayed in a display space 112. Workspace 
15 112 is generated by a graphical user interlace associat- 
ed with a drawing application (not shown) executing on 
computer 10 (FIG. 11). Object 110 defines a region 114 
of arbitrary shape and size. A two-dimensional shading 
of region 114 is defined by a mesh 116 which may be 
20 superimposed over object 110 and displayed in display 
space 112 by manipulation of the graphical user inter- 
lace associated with the drawing application. Mesh 116 
may be modified by a user to adjust a color gradient 
across region 114. 
25 1-0031] Mesh 11 6 is a user-editable structure created 
from a graphic object(e.g., object 110). Color may be 
applied to certain points in mesh 116 resulting in the 
smooth shading of the area enclosed by mesh 116. 
Mesh 116 is rendered in a user-defined (x.y) coordinate 
so space Color interpolation and other operations and 
properties are defined in a parameterized (u,v) coordi- 
nate space. 

[0032] In one implementation, a Cartesian, or rectan- 
gular mesh structure with four boundary curves 117 is 
35 defined. Alternatively, a polar mesh structure, i.e. one 
that uses polar coordinates may be used. Other imple- 
mentations may use other topologies or structures as is 
known in the art. 

[0033] Mesh 1 1 6 may be used to describe a non-lm- 
40 ear color gradient over object 110. Mesh 116 may in- 
clude a collection of adjoining patches 109 with shared 
edges. Alternatively, mesh 116 may be of the form of a 
single patch mesh and include a single patch 109. The 
number and arrangement of patches in a mesh may be 
45 defined by the user or interred from the underlying struc- 
ture of a given object. The creation and modification of 
mesh 116 is described in detail below in reference to 
FIG 3. 

[0034] Patch 109 is a two-dimensional parametric 
50 surface. An associated color function interpolates cor- 
ner colors across the parametric surface. A b.-l.near in- 
terpolation may be used or other interpolate methods 
may be selected. A gradient is defined by the mapping 
from interpolated colors on the parametric surface to 
55 points within the object. Each patch in the mesh has an 
associated unit square with equivalent topology. Each 
unit square has 4 corners with 4 associated colors 
Shared edges share corner colors. A mesh allows the 
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user to create a complex geometry in the gradient. 
SSS Referring now to FIG. 2, each patch 109 may 
£J he form of a bi-cubic patch. A bi-cubic patch is a 
parametric surface including four corners 200 bounded 
5 piTcewise cubic curves (C1 , C2, D1 , W) The |Pat* 
may be of the form of a Coons patch bounded by bound- 
ary curves where each boundary curve ,s cons ructed 
of a sequence of Bezier curves(here.nafter a Coons 
patch"). The Coons patch includes a mapping from a 
unit square (not shown) including four corners to the 
patch For the creation of gradients, two-d,mensional 
curves are used. 

[0036] The mapping may be defined by a pair of par- 
ametric functions, one for each dimension. If u and v 
are the parameters corresponding to the two axes of a 
unit square, then a function X(u,w) maps points on unrt 
quare to x coord,nate values on patch 109. A second 
function Y(u, v) maps each point on the unit square (u 
v) to y coordinates on the patch 109. Therefore, each 
noint on ihe parametric surface (patch) is defined as (x, 
T) (X(u.v), Y(u,v)). Specifically for a bi-cub.c Bez.er 
pitch which is a surface defined with cubic Bezier 
curves, the functions are of the form. 
Insert Formula 

S(u,v)=jf..2?.oPi B .l u ) B i (V) 

where P- is the conlrol point for row i, column j, of the 
Bezier control net. and B i( u) and B j( v) are the Bernstein 
polynomials for u and v. 

B 0 (t) = (1-D 3 
Bl (t) = 3t(l-t) 2 
B 2 (t) = 3t2(1-t) 
B 3 (t)=t3 



r00371 As shown in FIG 1b, mesh 116 may include 
some or all of the following elements.grid>,ne 1 2a edge 
122. mesh point 124, edge point 126 hard point 128 

P 8 r P A 0 gSe 120 is a line of constant u or v 
Tough mesh 116 between opposite boundary curves 
1,7. in one implementation, a grid.ine 120 ,s s , mu seg- 
ment cubic Bezier curve in (x y) space An edge 122 i s 
a portion of a gridline between two adjacent mesh po.n s 
124 . m one embodiment, an edge 122 is also a multi- 
seament cubic Bezier curve 

S] A mesh point 124 is formed a, the intersection 
5a u-axis and a v-axis gridline 120. A mesh point 124 
includes a user-editable color. 

r00401 An edge point 126 is a point on an edge (be 

,wo consecutive cubic Bezier segments defining an 
edqe Edge points 1 26 may be hard or soft. 
[0041] I hard point 1 28 is a point which is directly con- 
rolled by the user. In one implementation, mesh points 
and edge points may be hard points. That is. mesh 



points and edge points may have user^drtable colors 
[0042] A soft point is a point which is created and 
maintained by the executing process, m most cases 
soft points are invisible and of no interest to the user 
5 When the user edits mesh 116 (using hard points soft 
are automatically created, -f^^ 
as necessary (e.g. to maintain smooth edges). Hard and 
soft points are described in more detail bel0 ^ 
[0043] To specify a gradient, a user may manipulate 
,o control points associated with the mesh 

sired gradient. Changes to the geometry of the patch 
Results in color changes in the gradient. For exempt, a 
square shape produces a display character zed by a 
sJnple bilinear interpolation of the comer colors. I he 
rs St and right curves are made to curve inward at the 
m ddTe then resultant colors of the gradient will appear 
to be squeezed in the middle and fan out at the top and 
bottom Thus, changes in the curves intuitively define 

20 SST ~n n HG 3, a process 300 for defining 
Lor gradient across a region in a dismay space £ 
dudes converting an object into a ™esh (302). The 
mesh as described above defines a bi-cub,c patch (or 
series of bi-cubic patches) enclosing the region. The b, 

25 cubic patch includes four corners having a color asso- 
ciated therewith and four curves connecting pairs of he 
corners forming a Cosed loop. The four curves define 
the color gradient across the bi-cubk: patch as a funct on 
of the four colors associated with the four corners of the 

30 JoO C 4 U 5? Cbi-cubic patch may be rendered ,304) and 
hen the object may be displayed or printed (306). The 
mesh may be edited (310) if the results are not as de- 
"red (308). Each curve o, the bi-cubic patch may be o, 
35 me form of a piecewise Bezier curve hav.ng control han- 
Ss which may be manipulated by a user to define t 
color gradient for the region (or a portion of the region). 
By manipulating the control handles of the p.ecewise 
BezTer curves for a given patch, complex shadings may 

40 r^lhe editing o, the mesh and subsequent re. 
daring and display of the object including new shading 
profile (as defined by the mesh) is an iterative process 
which may terminate when a user has achieve a i s- 
is factory results, at which time the process ends (312). 



Creating a Mesh 

[00471 FIGs. 4 and 5a-5b show a detailed description 
so of process step 302 for converting an existing ob,ec into 
a mesh Process step 302 operates to construct a single 
paTch mesh which then may be subdivided to obtain an 
N by M patch mesh. The number o, patches w.^in a 
mesh may be defined by a user. Alternatively, the 
ss numoer of patches may be inferred from the structure 
of the underlying object. For example, the number o 
patches may be determined based on the number of 
segments used to form the boundary of an underlying 
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object. Edge points formed at the junction of curve seg- 
ments in the boundary of the object to which the mesh 
is applied may form vertices of gridlines in the mesh re- 
sulting in a grid of patches. 

[0048] The process begins by selecting an object 
(402). The object may be selected by a selection mech- 
anism provided by the drawing application. Alternative- 
ly the selection may be made via a programmable API 
control. Typically, the object is a path or an image that 
includes an exterior boundary formed of cubic Bezier 
curves. 

[0049] The boundary of the object is found (404). The 
boundary information may be provided to the process 
or alternatively may be determined by evaluating the 
particular object selected. An axis-aligned bounding box 
is constructed from which the four points on the bound- 
ary curve (the boundary of object 110) closest to each 
of the four corner points of the bounding box are deter- 
mined (406). The four points on the boundary curve are 
established as the corners of the initial single patch 
mesh For example, points d, c2, c3 and c4 along 
boundary 113 of object 110 would be identified as the 
closest points to corners bbd , bbc2, bbc3 and bbc4, 
respectively, of bounding box 11 1 , as is shown in Figure 
5a. 

[0050] From the four corners, two adjacent corners 
(d and c2) corresponding to a horizontal piece of the 
boundary are determined which correspond to the edge 
v = 0 of the initial patch (408) Having identified this ver- 
tical edge, the remaining three edges of the initial patch 
are determined (410) resulting in the identification of 
four distinct boundary curves b1 , b2, b3 and b4. 
[0051] A single patch mesh 115 is constructed from 
the four boundary curves (412). As was described 
above, each boundary curve in the object may be con- 
structed of multiple cubic Bezier segments. The con- 
struction of the single patch mesh includes the creation 
of multisegment (multi-edge) curves for each boundary 
curve that include soft edge points at the junction of each 
segment in the underlying boundary curve. If the user 
has selected the number of patches to be included in 
the mesh (by designating values for N and M respec- 
tively) then the single patch is subdivided at N-1 regular 
parametric intervals in the u direction (414) and M-1 reg- 
ular parametric intervals in the v direction (416). The re- 
sult is an N by M grid of patches as is shown in FIG 5b. 
If no designation is provided, then the patch may be di- 
vided according to edge points on the boundary curves 
associated with the mesh. 

[0052] A shading procedure is selected (418). The 
shading procedure includes a definition of color for 
points of the mesh (each mesh point). In one embodi- 
ment, the shading procedure may be selected from the 
group of flat, center and edge shadings. When a flat 
shading is invoked, the colors for all mesh points are set 
based on the colors for the respective locations in the 
original object A center shading applies original colors 
to the to all vertices on the boundary of the object and 



applies a blend of the original color and white in an in- 
creasing percentage up to a designated percentage for 
interior vertices. Edge shading is the inverse of center 
shading. 

5 [0053] For each mesh point of the resulting mesh, the 
shading procedure is invoked to assign a color to that 
point (420). In one implementation, the shading proce- 
dure operates to evaluate the object and if the object is 
a path, the shading procedure obtains the fill color as- 
io sociated with the object. If the object is an image, the 
shading procedure samples the image color at a point 
corresponding to the position of a respective node. The 
resulting color may then blended with white by a per- 
centage which depends on the distance from the point 
75 to the boundary of the mesh. Alternatively, the user may 
be prompted to select a color from a color palette for 
each corner. 

[0054] Thereafter the process ends resulting in an N 
by M mesh of patches whose exterior boundary match- 
es es the boundary of the object and whose color is deter- 
mined by the shading procedure. 

[0055] Rendering is the process of creating images 
from stored digital information. Conventional rendering 
schemes include steps of dividing each patch into than- 
25 gles (or polygons) and the subsequent rendering of the 
triangles. More complex rendering schemes may be in- 
voked that include additional steps including subdividing 
the patches into smaller sub-patches according to an 
adaptive subdivision routine, the grouping of patches in- 
30 to regions and the ordering of regions to be rendered. 
[0056] In one implementation, a mesh is rendered ac- 
cording to a rendering process 500 as shown in FIG. 6. 
A first mesh is retrieved (502). The mesh is subdivided 
at each edge point to generate a series of patches that 
35 are characterized by boundary curves which are single 
cubic Beziers (504) Each resulting patch is further sub- 
divided to remove discontinuities in first order deriva- 
tives of color across patch boundaries (506). Resulting 
patches are ordered to resolve any foldover conditions 
40 (505) and then sent according tothe order to a rendering 
engine for rendering (510). A check is made to deter- 
mine if more patches in the mesh need to be processed 
(512) If so, then the next patch is retrieved (514) and 
the process contin ues at step 504. When all of the patch- 
es es in the mesh have been rendered, the process ends 
(516). 

[0057] Mesh 116 (FIG. 1b) may be edited after crea- 
tion. In order to achieve a more graphically pleasing gra- 
dient, one or more of the following operations may be 
so invoked to edit the mesh and modify the gradient pro- 
duced. The options for editing include: adding a mesh 
point or gridline; deleting a mesh point or gridline; 
changing the color of a mesh point; moving a mesh point 
or edge point; adjusting edge point control handles; and 
55 adjusting a front-back patch ordering. 

[0058] A user may add mesh points and grid lines are 
added by manipulating a user interface to indicate or 
otherwise select a location within the mesh. A process 
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600 for adding a mesh point includes selecting a location 
within the boundaries of the mesh (602), as is shown in 
FIG. 7. An (x, y) and (u, v) coordinate for the location 
selected is determined (604). A check is made to deter- 
mine if the selection is on an existing u-axis gridline for 
the mesh (606). If not, then the mesh is subdivided and 
a new gridline is added at a constant v location defined 
by the (u. v) coordinate for the new mesh point (608). 
[0059] A check is made to determine if the selection 
is on an existing v-axis gridline for the mesh (61 0). If not, 
then the mesh is subdivided and a new gridline is added 
at a constant u location defined by the (u, v) coordinate 
for the new mesh point (612). 

[0060] The color at the mesh point is specified (614). 
The color may be specified by the user selecting a color 
from a color palette or by interpolation of the corner 
colors of the patch in which the mesh point is located. 
[0061] The addition of gridlines in steps 608 and 612 
may require the creation of more mesh points than just 
the single mesh point indicated by the user. Additional 
mesh points may be required in order for a new gridline 
to correctly interpolate (geometrically) between adja- 
cent gridlines so that the resulting subdivided mesh 
renders the same as the original mesh. Accordingly, 
when adding a new horizontal gridline having a constant 
v value a new mesh point will be defined at each inter- 
section of the new gridline with each existing vertical 
gridline. In order to achieve smooth shading through 
each of these new mesh points, the color at these new 
mesh points may be determined by interpolating be- 
tween color values of existing mesh points within or on 
the boundary of the mesh. 

[0062] More specifically, a new grid line 120-1 is de- 
fined at a constant v (or constant u) value on mesh 116 
as is shown in FIG. 8a The grid line extends from one 
boundary 117-1 to an opposite boundary 117-3 passing 
through the new mesh point p. New mesh points 124-1 
and 124-2 are created on the boundary edges 117-1 and 
117-3, respectively, at the constant v (or constant u) lo- 
cation. Boundary curves 117-1 and 117-3 are divided at 
mesh points 124-1 and 124-2, respectively, and stored 
as new subdivided boundary curves 117-1.1, 117-1.2, 
117-3.1 and 117-3.2 respectively. Mesh points 124-3 
and 1 24-44 is defined at the intersection of the new grid- 
line 120-1 and each perpendicular grid line 120-2 and 
1 20-3 provided in the mesh. A color for each mesh point 
may be derived by interpolation. 

[0063] The new gridline comprises a series of edge 
curves 122-1, 122-2, 122-3 coupled between pairs of 
the mesh points. Individual edge curves 122-1, -2 and 
-3 may be generated by interpolation between boundary 
1 1 7-4 and gridline 1 20-4 in between which new gridline 
120-1 is disposed. Specifically, interpolation between 
the corresponding individual segments of the boundary 
line and the old grid line is performed to derive each new 
edge curve for the new gridline 1 20^4-. The interpolation 
between curves may result in the generation of soft edge 
points on new gridline 120-4 Each edge curve of new 
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gridline 120-1 may be required to be constructed of a 
plurality of cubic Bezier segments in order to assure 
smooth transitions of color across the region between 
boundary 117-4 and gridline 120-4. For example, edge 

5 122-5 of boundary 117-4 may include three segments 
(each a cubic Bezier curve) and edge 122-8 of gridline 
120-4 may include two segments as is shown in FIG. 
8b. The edge curve constructed by interpolating be- 
tween the adjoining edge curves of boundary line 117-4 

10 and gridline 120-2 will result in the generation of three 
soft edge points 130 on edge curve 122-2. The process 
of interpolating between two curves is known in the art. 
Thereafter, the process ends. 

[0064] The deletion of a mesh point may result in the 
is deletion of an associated gridline if no other hard points 
reside on the given gridline. Mesh points and grid lines 
may be deleted by the user. A process 700 for deleting 
a mesh point includes selecting a location within the 
boundaries of the mesh (702) as is shown in FIG. 9. An 

20 (x, y) and (u, v) coordinate for the location selected is 
determined (704). A check is made to determine if the 
selection is on an existing u-axis gridline for the mesh 
(706). If so, a check is made to determine if another hard 
mesh point is designated on the gridline (707). If no hard 

2S points are located, then the selected gridline (708) and 
mesh point (709) may be deleted. If other hard points 
exist on the gridline, only the mesh point is deleted. 
[0065] A check is made to determine if the selection 
is on an existing v-axis gridline for the mesh (710). If so, 

30 a check is made to determine if another hard mesh point 
is designated on the gridline (711). If no hard points are 
located, then the selected gridline is deleted (712). The 
mesh point may be deleted as required thereafter (71 3). 
If other hard points exist on the gridline, only the mesh 

35 point is deleted. 

[0066] The deletion of gridlines in steps 708 and 712 
requires the joining of patch edge curves in the mesh 
that are intersected by the respective gridline that has 
been deleted 

40 [0067] The process for deleting a gridline is similar to 
the process for deleting a mesh point When a gridline 
is deleted, mesh points along the gridline being deleted 
are transformed to soft edge points (in order to preserve 
the shape of the remaining gridline curves), as shown 

is in FIG. 10. 

[0068] The color of any mesh point may be changed 
by a user selecting the mesh point and providing a color 
selection. The color selection may be made from a color 
palette, or a user may invoke a color transformation ef- 

so feet, e.g., change saturation, resulting in the change of 
the color associated with the selected mesh point. Al- 
ternatively, some color transformation effects may be 
applied to multiple points at one time. 
[0069] Mesh points or edge points may be moved by 

55 a user selecting the point and dragging the point to a 
new location within the mesh Unsefected points are un- 
affected by the move operation. Selected points are 
translated (rigidly). Soft points (which user can not see 
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or select) that lie between two selected hard points are 
translated rigidly Soft points that lie between selected 
and unselected hard points are reshaped The amount 
of reshaping is a function of the proximity in parametric 
space of the soft point to the point that is being rigidly 
translated. 

[0070] As described above, the gradient across the 
object may be changed by manipulating control points 
or handles associated with the mesh. Each mesh point 
includes tangent controls that when manipulated result 
in the reshaping of the gridline curve to pass through the 
point parallel to the tangent line in normal cubic Bezier 
lashion 

[0071 ] A mesh may define a complex gradient that in- 
cludes a foldover. Afoldover arises when more than one 
point in a unit square l(u,v) space] associated with a 
patch in the mesh maps to a single point in the mesh 
| , x y ) space) Foldovers may be localized contained with 
,n a single patch of the mesh, or extend across patch 
boundaries Foldovers and methods for rendenng 
patches including foldovers are discussed in greater de- 
tail in "Displaying 2D patches with Foldover" cited 
above A mesh pointer patch may be selected to change 
the display appearance at foldover edge. For example, 
the rendering of the patch may result in the display of a 
Iront facing view at the foldover edge based on the 
render order of the patches associated with the mesh. 
A selection to change the render order may be made to 
change the display of a foldover edge to a different view, 
o g . back facing 

Alternative Implementation 



[00721 A mesh point may be constrained to move 
along a gndhne that passes through the mesh point. A 
movement constta.nt may be particularly useful when 
movng a perimeter mesh point. By constraining the 
movement ol the mesh point in one axis, changes in only 
one ol the two grdl.ncs that pass through a given mesh 
po.nl may be made In this way. movement of a perim- 
eter mesh point may be constrained to affect shading 
but not the ob|ccfs shape A soft edge point may be add- 
ed to retain the shape of the remaining gridline. 
10073) A user may specity colors for edge points. Typ- 
ically only mosh oo.nts include user-defined colors. 
[0074] Hierarchical subdivision of a mesh may be en- 
abled Hierarchical subdivision refers to inserting a 
mesh point and gudlmes within a single patch ot a mesh 
without affecting the geometiy of other patches in the 
mesh Gridl.nes may be limited to extend only to the edg- 
es of a single patch. Using hierarchical subdivision may 
permit the development of more complex gradients and 
allow the effects ol subdivision to bo limited to a smaller 
area ol the mesh 

[0075] The invention may be implemented in hard- 
ware firmware or software, or a combination of the 
three Preferably the invention is implemented in a com- 
puter program executed on a programmable computer 



having a processor, a data storage system, volatile and 
non-volatile memory and/or storage elements, at least 
one input device and at least one output device as de- 
scribed herein. 

5 [0076] By way of example, FIG. 11 shows a block di- 
agram of a programmable information processing sys- 
tem (computer) 10. Computer 10 preferably includes a 
processor 20, random access memory (RAM) 21 , a pro- 
gram memory 22 (preferably a writable read-only mem- 
10 ory (ROM) such as a flash ROM) and an input/output (I/ 
O) controller 24 coupled by a CPU bus 25. Computer 10 
may optionally include a hard drive controller 23 which 
is coupled to a hard disk 30 and CPU bus 25. Hard disk 
30 may be used for storing application programs, such 
75 as the present invention, and data. Alternatively, appli- 
cation programs may be stored in RAM or ROM. 
[0077] I/O controller 24 is coupled by means of an I/ 
O bus 26 to an I/O interface 27. I/O interface 27 rece.ves 
and transmits data in analog or digital form over com- 
20 municalion links such as a serial link, local area network, 
wireless link, and parallel link. Optionally, a display 28, 
a keyboard 29 and a pointing device (mouse) 31 may 
also be connected to I/O bus 26 Alternatively, separate 
connections (separate buses) may be used for I/O m- 
25 terface 27, display 28, keyboard 29 and pointing device 
30 Programmable processing system 10 may be pre- 
programmed or it may be programmed (and repro- 
grammed) by downloading a program from another 
source (e.g., a floppy disk, CD-ROM, or another com- 
30 puter). 

[0078] The invention may be embodied in a computer 
program that is tangibly stored in a machine-readable 
storage media or device readable by a general or spe- 
cial purpose programmable computer, for configuring 
35 and controlling operation of a computer when the stor- 
age media or device is read by the computer to perform 
the procedures described herein. The invenlive system 
may also be considered to be embodied in a computer- 
readable storage medium, configured with a computer 
40 program, where the storage medium so conf.gured 
causes a computer to operate in a specific and prede- 
fined manner to perform the functions described herein. 
[0079] The present invention has been described in 
terms ol specific embodiments, which are illustrative of 
45 the invention and not to be construed as limiting. Other 
embodiments are within the scope of the following 
claims. 



so Claims 



55 



A method for defining a smooth shading across an 
object for display on a raster output device, the 
method comprising: 

converting the object to a mesh, 
rendering the mesh; 

displaying the object having a shading defined 
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by the mesh; and 

editing the mesh until a desired result is 
achieved in the displayed object. 

The method ot claim 1 wherein the step ot convert- 
ing the object into a mesh includes: 

determining a boundary for the object enclosed 
by a boundary box having lour corners; 
determining four points on a boundary of the 
object that are closest to the four comers of the 
boundary box; 

determining four edges on the boundary of the 
box that connect the four corners; 
constructing a mesh from the four edges and 
four corners on the boundary of the object re- 
sulting in a single patch mesh including four 
mesh points corresponding to the four corner 
point on the boundary; 
selecting a shading procedure; and 
determining colors to the four mesh points. 

The method of claim 2 wherein the step of deter- 
mining colors includes receiving a user selection for 
the colors. 

The method ot claim 2 further including receiving a 
user selection to define the number and arrange- 
ment of patches in the mesh where the mesh is ot 
to be of form the form ot an NxM matrix of patches, 
subdividing the mesh at N-1 regular intervals in a u 
direction of the mesh and subdividing the mesh at 
M-1 regular intervals in a v direction of the mesh. 

5 The method of claim 4 wherein the shading proce- 
dure determines the colors by receiving a color se- 
lect.on for each corner from a palette of available 
colors where the selection is performed by the user. 

6 The method of claim 5 wherein the shading proce- 
dure determines the colors by sampling the object 
at locations corresponding to the mesh points. 

7 The method of claim 2 where one or mor edges of 
the boundary for the object comprise multisegment 
cubic Bezier curves and the step of constructing a 
mesh includes constructing boundary edges for the 
mesh where the boundary edges are multisegment 
cub.c Bezier curves having an identical number of 
segments as their corresponding edge in the 
boundary. 

8 The method of claim 1 wherein the step of editing 
the mesh includes adding mesh points and defining 
colors for mesh points resulting in the uniform sub- 
division of the mesh at the new mesh point. 



the mesh includes one of adding a mesh point, de- 
leting a mesh point, adjusting a mesh point tangent, 
moving a mesh point, and changing the color of a 
mesh point. 

10 A computer program, tangibly stored on a compu- 
ter-readable medium, for rendering a two dimen- 
sional (2D) patch associated with an object to 
achieve a smooth shading across the object where 
the 2D patch defines a complex gradient including 
at least one foldover edge, the computer program 
comprising instructions for causing a computer to: 

convert the object to a mesh; 
render the mesh; 

display the object having a shading defined by 
the mesh; and 

edit the mesh until a desired result is achieved 
in the displayed object. 

11 . The computer program of claim 1 0 further including 
instructions for causing a computer to: 

determine a boundary for the object enclosed 
2s by a boundary box having four corners; 

determine four points on a boundary of the ob- 
ject that are closest to the four corners of the 
boundary box; 

determine four edges on the boundary of the 
30 box that connect the four corners; 

construct a mesh from the four edges and four 
corners on the boundary of the object resulting 
in a single patch mesh including four mesh 
points corresponding to the four corner point on 
35 the boundary, 

select a shading procedure; and 
determine colors to the four mesh points. 

12. The computer program of claim 11 further including 
40 instructions for causing a computer to: 

receive a user selection to create a NxM mesh, 
subdivide the mesh at N-1 regular intervals in 
a u direction ot the mesh; and 
45 subdivide the mesh at M-1 regular intervals in 

a v direction of the mesh. 



9. 



The method of claim 1 wherein the step of editing 



1 3 The computer program of claim 1 1 further including 
instructions for causing a computer to receive a 

50 color selection for the four mesh points from a pal- 

ette of available colors where the selection is per- 
formed by the user. 

14 The computer program of claim 1 3 further including 
55 instructionslorcausingacomputertodeterm.nethe 

colors for the four mesh points by sampling the ob- 
ject at locations corresponding to the mesh points. 
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15 The computer program of claim 11 wherein one or 
more edges of the boundary for the object comprise 
multisegment cubic Bezier curves and the computer 
program further includes instructions for causing a 
computer to construct the mesh boundary edges 
that are multisegment cubic Bezier curves having 
an identical number of segments as their corre- 
sponding edge in the boundary. 

16. The computer program of claim 1 0 further including 
instructions for causing a computer to edit the mesh 
by adding mesh points and defining colors for mesh 
points resulting in the uniform subdivision of the 
mesh at the new mesh point. 

1 7 The computer program of claim 1 0 further including 
instructions for causing a computer to edit the mesh 
by performing one of adding a mesh point, deleting 
a mesh point, adjusting a mesh point tangent, mov- 
ing a mesh point, and changing the color of a mesh 
point. 

18 A method for defining a smooth shading across an 
object for display on a raster output device, the ob- 
ject including a boundary comprising edges at least 25 
one of which is a multisegment curve, the method 
comprising: 



10 



15 



20 



converting the object to a mesh including cre- 
ating a mesh boundary that includes edges that 
include a same number of segments as a cor- 
responding edge in the boundary of the object: 
rendering the mesh; 

displaying the object having a shading defined 
by the mesh; and 
editing the mesh until a desired result is 
achieved in the displayed object. 

19 A method for defining a gradient across an object 
for display on a raster output device, the object in- 
cluding a boundary comprising multisegment edg- 
es, the method comprising: 

converting the object to a mesh including cre- 
ating a mesh boundary that follows a geometry of 
the boundary of the object and creating a series of 
patches defining the gradient where patch bounda- 
ries correspond to segment vertices in the multiseg- 
ment edges of the boundary for the object. 

20. A method for defining a gradient across an object 
for display on a raster output device, the object in- 
cluding a boundary comprising multisegment edg- 
es, the method comprising: 

selecting the object, 

finding the boundary for the object; 

creating a bounding box including four corners 

that encloses the object boundary; 



30 



35 



40 



45 



50 
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identify four points on the boundary of the ob- 
ject that are closest to the four corners of the 
boundary box; 

constructing a single patch mesh from the four 
points and segments connecting pairs of the 
four points; and 

dividing the single patch mesh to create a se- 
ries of patches defining the gradient where 
patch boundaries correspond to segment ver- 
tices in the multisegment edges of the bound- 
ary of the object. 
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